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APSl- RACT OF Til l- Ml ScrLOSIIIii; 
At> E».1ectro<1e device I'or etcctvLtiatljr libstiuf; undergTOUUd 
deposits of hydrocai'lions such as oil Jiaml or oil sbnlt>. PJ^iral 
well pipe sections aie joined through j.iipul fiTe<l pipe joints with 
2T1 cct.roilc conriedte<l throusjii one of thu insulated pipe joj.ntr. 
to fi lower of t)x\; pipe s^rctionE. Each of the ijisulatcd plim 
joii^ts includes a first tubulKx mecn&ei: having a ilsnge portion 
at DUG Cifid l;tit>TKof, a recojiiJ twbular mcuribcr havinji a cap jn-irfion. 
at one end which is received in the fJango portion of the first 
tubular miinibcr with a gap th.er^betvfecii , and an insulating jnembot 
^7,spqs<>d i,n the gsp for hermetically coujjIIhj; tlic first, and 
second tubular members and fcir elottTicfi J.ly .T,nSulotiiie first 
ajid second tubuller moTatiQTs- ^vcni on© another. 



ELtCTROOE DEVICE FOR Ki^KCTRlCALLY HEATING 
UMDLUUSiDlWD DEPOSITS OF HYDIUXIAllROKS 

BACKGKOITKD OF TtIB iKVEriTION 

The present Invontion relates to an. electrit device 
us&d to electrically heat uniSorgto^uid deposits of hydrocarbons. 
More specificall/j the present invention relates tc an cl&ctrode 
device vjhich is used to supply eloctrlcal power t6 n-n undei'sroartii 
deposit thereby to heat the hydro carbons present in the deposit 
to cause them to have a ^cn^■e^ viscosity and hijj)i^r fluidity in. otcJer 
to moru easily remove' there from the veil . 

Tho term "hydrocarbuTiK^' <is used ]iereinitft?T means 
petroleum or oil, bitumen containod in oil sand [also called 
"tar sflTid'') an<l kerogen contained in oil shale < These will all 
be referred to fls "oil" for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity, it is possible to B^ctract the oil through the ifell 
tithar by gas pressure coexisting in the oil layer or hjr forcing 
a liquid such »s brine into on«j Tcell to force th« qH to flow 
■out of another well. UofcravsT, should the undcrgrcujnd oil havo 
law fluidity, it cannot be e^itractetl until the oil is made mote 
fluid. A general methad af making the oil fluid is to heat the 
oil thereby to lewur th© viscosity of the oil. The temperature 
suitable for this is different for different t/p^*? ef oil. 

There have hcsn proposed as oil layer heating methods 

i- - 
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the injcciiOR of hot water or water vapors at a high temperature 
vnder a Jiigli pr&ssure, supvilying electrical power to the 
wndsTgTound deposit, underground combustion in which the under- 
ground oil liiyer is ignited with a suij-ply of air so that it may 
S b« burnedl, and the jise of exj)l05i\'es. The last tvo methods are 
difficult to cQUtTol so th.1t thsy ^re rot in goTioral usb. 

According to the method of injecting the hot water or 
water vapor a.t a high temperature and under a high pressure, 
the oil layer is heated to enhance th.e fluidity <>f thiS ail tb 

10 ■ cause the fluid oil to flow out to the ground surface, tf , how- 
ever, some regions of the oil deposit have a low T«sistanc« tn- 
the floh' q£ hoc water or water vapors or there are voids in The 
oil Isy^r, thp h'at^r or vapors tftay colloct in these regions and 
fail to diffuse throughout the whole layer. J'Joreover, if th© 

15 oil lay&r ia solid and dense, the hot itateT or itiS vapofi; it'll! 
again not dlfftise so that the oil layer cannot be heated. 

Heating by the supply of electrical pOK'isr ±3 iierfuriuisd 
by dfilling a plwrality of walls in tho oil layer and by estalslish- 
ing potential differe^ic^s be-tweej* electrodes disposiid in the 

20 wells so that the oil layer is heated by its rB:^-iJ5tani:fe to the 
electrical current which flo^fs therethrough. This tochnique is 
advantageous in that the oil layer can be wholly haatsd with ease 
even if it has voids or is solid and dense. However, another 
device is Tequired for pumping up.; the fluid oil, 

2S For improving the oil producing efficiency, there has 

■ - .2 - 



further been proposed a muthod v/liich includes a first S t &p Of 
beuting the oil lay or by electrical ftf!.<>ifttaxic& heating and a step 
of injecting hot water or watei' viijiors at a high te/tiperatmi: and 
ondtsr a high jfressuro when ths oil layer becomes soft while con- 

i tinning the lieatifTg sd thHt +hs resultaiit fluid ail may He pumped 
DMt. J:i order CO frfficiently heat the oil layer, tho elBCtTOOe 
device Riiist he sciff indent 1y electiicaliy Instilatcd thHt the leak- 
age of elcctritiHlly cuTTcnt into underground portioTvs other thaii 
the oil laysT avQlde<l as mucJi as possible. 'J'Iiq Bl.eqtvocle cle- 

20 viti i.-s also required to be a[]l)rcjik«.Slo with respect to the under - 
ground 5oil pressure, tlie piessuxc of tbo vapors wl^ich are jjener- 
ated by the heating operation, and the pressure of injenLed liot 
v/ater Or hot high pressure \*ater vapors. The elcctiodis dovicB 
Is further required to be free f-rom laakage of hwt water or hot 

15 high pressure water vapom. 

In ordcT to ©?«pLain, the electrode device of this jmibxal 
type more fully, an example in wliicli tlie oil is Dxtractad from 
oil 5uncE will be described. 

Oil sand, also called "tar sand", is present in la.Tg& 

20 quantities in Canada, Veneiuela and Che United Status. 

The oil in the oil sand is typically mixed witJi brine betweeti 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A tteposit of the oil sand may be 

Z5 partially lixposed in 3 valley or at the banks of 



1 a riveir bat in tfiost oftOA Ioc!\tGd ontteely under ijX'OHTirl at ii 

tlQptU of 200 to SOO in wVij.l.H haviiiy a thi-cknass of st-TjexaX tenB 
c;£.imetcr&, I3ut3 to conpiflfti'nt.iDii o£ t>cor)oiuy eiiici en'iriiOiLaiistitAi. p;l-o- 
Uoeuion, it 19 J::iisc:«BBD.ry to separate aat fchc oil unAcEpTroiinii anil 
to extract oriiy the oil from the well, itoi-eoy^r, sincB the 
extfactioft of od.J. from a shallow undurgroand iUayer- is at^coi!ipnni.c<!l 
by 9 danger of Gubsldenoe, it; is (lesSirabiLe to Gxtyact oil only 
from unae:j:girounLl layejTG lyiri<j tSeepcr than 300 m. 

Furlhei' aapeuts of the bacjkijfrouiiti a± the Lnventioit iitiA 
10 the .Invention o.f thcj present u^jplicration *re flftecribed Wl Ih 
the assistance of tha acccsinpanyiiig draw.ings in' whlcht 

Vn.cj. 1 ia a t;chomiitiG sectionAX -\'iQW &hDW>.in9 a 
converxtlonal prior art installAtlon of the cjeueral type viith 
which the i.j>ve»tior! is ul".i.li!iert! 

Fig. 2 is ii L'rosfi-Bpcticinal, view of iin i)iBuli>b£i<3 pipe 
5oint oC the invention? 

Pig, 3 is a orose-aei-'tiorsal View showing Bsvoral joined 
pipe BQctitXis, an elact.jrodt.': arid in&LiL;ilved pipe joinUa in accoi:clari<7a 
VJith tho invention? and 

20 Pigs. 4-7 are a scries of cros a -sectional vLcuib 

i.l.losti'rttincr tha Viae of, iwBulating coatingi; in acoordaiicc with 
t-he iiivtjiitloin- 

l?ig. 1 illnstratau the' haatiny of an oil fcandl 3.ayer 
iyy EidCtxoaeB coupltid to □ power supply. In Pig- i, rcfftrence 
nuiueiral.B 1 hnd 11 indicftte waLn guide pipeft made of stetsl, 2 
arid' 12 iiiclicatfi licisulatots joined to tliG main gtiide pipes 1 and 
11, ;i and 13 .wli cat* cle<;tro(ley jolneA to thct inaxilators 2. ai><3 
1.2, pai'torationa are foraied in the eiectrocleB 3 aiid 13, arid 4 and 
14 inflionfcti cables for fee^ling em electric current to the eXe- 
ctrodas 3 and li. Tbia assemhly ie hereinafter cal.le(3 togsthor the 
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"olcci.i.ofSe devi{:e". Rofeirenf^e nxiHiesral S incli-cuttis ci power 
aoui'CC, 6 indicstf^B an oil SEii\i3 l^yer , 7 indicates an ulCCtrlc 
currcslt Qowi.nq bet-ween tho ele.ntrodR£? 3 clncl 13 < B iridiuatec bhfi 
gromitS surfuoe, S indicsteB. ixn overburden layer, ^nti ].o in- 
dicates A .layer bflcjw tha nil saoLI layer, 

V^ho: a voltayc i5 Sfpl i.ed to tllC eXActrOdCS 3 and 
3,3 which arc burleil in the oil Ranc'i layar 6 faroin tliO pow&r 
5icmrr:E 5 tlitOUytl t)\^- cables 4 anfl l<lj tUO current 7 flOWfj n.n 
accoTTdiinf-e with the eilfsctric KCC I P Unnca of the oil aand Inycr 
S as a ireBult 



[jf which the oil s^nd layer 6 is heated by Joule ox TesistaocD 
heatirtj. Although, tlie tiuxreTit 7 paztaally flow^ into tho cve:f- 
liurdBn laybr 9 and the liiyer 10, the leakage is loaintainf-d at a 
low level because the insulutoi-s 2 and 12 art interposed bot.v/een 
the ma.in guida -pipes 1 and 11 and tho electrodes S aiid 13. After 
the oil sand layer 0 lias beeTi warmed, th& powar sijpply is inter- 
rupted. Hot water or water vsipors at a high temperature under 
a high pressure are thuK forced itom the upper inlet of Ont msiti 
guide pipe 1 of the electrode device and flow thTough the oil 
s&vd layer 6 until they come out of the other ni3.1n guide pipe • 
n carryipg the oil, Tn orde* to improvo the flow rates of the 
hot water or the hot pressuxe water vapors, perforations are 
fdrrtied in the electrodes S and 13. 

Since the upper portions of the insulators 2 and 12 
are connect t:d to the main guide pipes 1 and 11 and the Iowbt 
portions nve conncctDd with fha electrod^js 3 snd 13, & doicn- 
ward tensile str&ss is ali/ays applied to the insalatorii . Mote- 
over, s-inoe the us.'seinbly n-^-n be at n tccjiperature as hij^h hs 
2S0'(: to ^0O''C, the insulBtDrs should ba ahle to withstand such 
tempiifHtures . Also, since thu insulators 2 and 12 are buried 
uiidorground as desp as several hundred jiieters with the electrodes 
S an<i 13 suspended f.rom their lower ends xitli t}LO upppr enJs 
thursol; connected to the maiTi juide pipes Z and 12, the insulatOTS 
2 uTtd 12 v(iii almost certainly c on t act i^r collide with the well 
walls vhiiu they pre lowftrecJ into the icell. Because of the 



gxost total v;eit;lil:, any Al.if;})t contact will impose n hiy,h niCuhiL- 
nical impact upon the insulators 2 and 12. T'herel'ox-e , the 
vn&ulators 2 and 12 arc rciquired to be nble to Tiithstand ajiticipatod 
levels of mclcfiaiiical impact. 

5 In [in electrode dcvlto which hpats an oil sand layer 

when it is sxnjjjliDd ^cith electric curr&nt, a major pri>bi€iii is 
that the olcctrit resistance in the oil sand layer is approxJ.jiiateiy 
equal to the overburden layer. Since Lhese tiecLrii: leslstajiccs 
differ depending on place and cotiditio/is , they chjitidL (^tiniTally 

10 be precisely stated. Ha«ovBrj avorag© Ta-lues are H^Ort-m For 

Che oil satid layor and H'fl-l&OJi'm I'or tli» overhuTJen layer. As a 
result, if- an electric cuTrent is supplied to XTfo electrode Uevices 
vvhicb ftr0 constructed by conTiectiiig pl&ctrodeij xq guirfp pipes mfid^ 
of steel pipes and by disposing those electrodes in the oil sand 

15 l&y&X) raOJit of ths wirrent will be Con.-suniod in the avCiburdcil 
layer. In ordeT to avoid this problem, it is n&cessary e-ithet 
t-o cover the surfaces of the guide pipes with an insulating coatiiiji 
Di' to insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

20 wKich satisfy the af Gferoie tuiosied requirements. In one such 
Httcmjjt, flanged tubular ineinbers maOe of mental ars coated with 
*n axgasiic vesin whicli provides a high resistance tg heat* An 
apiiropTiatc rrsaterial is poly tetra£luorQ&thyl»n<J resin (fox example 
"Teflon™" which is trsdc name of du 7D]ii) . '''ith this 

25 cons trtict ion, insulating momboxs are provided ifhicb are 

satisfactory in their ability to ■withstand a suspcndin^i load 
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flufl iijec)iijnic8 1 impact forces, Hoif-evev, it >pns [ijoved quite diffi- 
cult to coat the fiaiifs porfipus satisfactory with the i^isulat- 
Ing material. Mrtrftover, even if sat.isfdctoxy iiisulatinji; chaT-- 
acrfivistics. arc: prnvided at ruom toujpc^ature , the iiiialHting 
5 Linating has a tcndericy to sepaiata, Gs^Jecislly arourid tho fla-nge 
portions, duo to repeated tliq-Tiwl expansion and tfTi.tr^t^tion 
such is typically cnc^ninteied in rtomiil operating conditions. 
If the insulation costing is broTcon or caused to flake off, the 
insulators thnii pTO-duced become useless. 

10 tn 3 s-ecojid flttQmpt, porcolaln snatoiisjl has heen used 

£oT forraiiig the iiisnietciT5 . Howevtri it is ftlso necessar/ in 
constructirifi the 3n5ulaTors to take into account the roquiteraent 
foi providinj water and oil tight characterisMcs with respect 
to the connection between the main ^uitle pipes 1 and 11 aiid tli-e- 

IS GlDctrodes 3 and 13 es wall as between the iusulatiTig member, 
't'ho connection has generally fc^en made by slirink fitting metal 
piptj.s on the outer peclpliera]. surface of the pi?Tcela.ii) pipe and 
then conjiiittcd with other metal pipes ordinary tethniqu<^5 .-iijcb 
as wcldinf, or attachment with holts. V/ith tJiis constxiiction, 

20 although the v;sll or oil light chgrscter i s t i cs may be acceptable 
at roo/ii temperature, the strength of the slirink.- fitted joints 
teods to drop as the teciiporAtwre is increased .^tj that the ahi- 
lity to support the suspended load is correspondingly lowtsrsd, 
MorcorBT , breakage of the porcelain may taken place as a result 

25 of the stress imposed upon the leading end portioii* t>£ th* shriul:- 
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fitted aroiis. tn oTder to e.limijiaie sucb i3rawl>ack5, there )ias 
beeti prDposLid tTis; use a porcfriain piji« Having endj formeil 
as fjnnge portions with the flaiigB povfions fasteuod to jimtul 
pipes with pai:kinKs intPxpoFert bef.jeeii tliu uDntact surfacf^s. 
5 Witli this con.stTwcti.on, th& abovc-5tatcd recinirements sre met 
nt room tempernture; . However, the watcT and oil tij;ht: :3cal.ing 
tends to dctuTtorste upon repeated vhcriiial oxpansion !»nd con- 
t-ractlpn. Moreover, pDiriiiiliiDn -i ntri-nsica lly lacks Jtre/igth 
against mechajilcal impact farces. Thus, it has a higb touSB-nt-y 

10 to be broken ^y a jiKJth^pit?! impact foTce such as is nidinarrly 
encountered wliilu tiif> assembly is lowered tbrougli the well.. 
Tlius , thD provis-inT^ pf ^ porcelain insulator nufSnTn from the 
unaveidablD defact that there is a high tondcncy of brealtage. 

Vet Eurth&r, insulators foTitiod of organic polymeric 

IS compounds have been proposed. Although s\ich compounds may have 

a high strength at room tempevatur e Hud m.t$ nui.te good electrical 
insulators, most of the compounds cif this general class are not 
particularly heat resistant, Speci fi call y, very Csm camfou-nds 
of this , type axe kuown which ave resistant to hot watoi or i-^^tci- 
vapor aL liigh temperature and under high pr^ssur^, 
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In accDrdajiiiti with \ha invent i i^n, theie i.ri i)rovid€cl 
an cloctTode devico fnr el.ecTvi r.al heating uiidergrouTxJ deposits 
of hydrocartons iiicluiiiiig a pLurailt/ o£ well }>ipe sections, 
an electrode adapted to be disposed in an underground Lleposit 
of hy^tTocarbons for supplying an electric current to tlie uniler- 
grouniJ deposits, a fjluralit)' of iiiiulntiii^ pdpt' joints csKch 
iiiclLdinjj a fir.^t tabvisi-T ui^niber hsving a flsTvge portion st une 
end thareof, a second tubular member having a cop portion gt 
one ejtd thereof adapted to be rcciiivod in tlic flangt portion 
of the first tuHular mgntib^iT with a gap th ereJ^etv/een and an in - 
5ul3ting mRFih&r disposed i7) the gap between the flange portion 
and th© cap portion for liermetically coupling the first ajid 
gecDtid tubular members vi-hile aL&ctrically insulating them f-rojfi 
One sinpthfer and witH the insul9.tinf; pipei ioint.-i being nsBtt to 
couple at least some of the pipe sections together arid the eilet- 
trad© ta one of the pipe settioTis, and a cable connected to the 
electrode for supplying an electric current thereto. 

At lijast som i>£ the inaulHtinj; pipa juints tan bo 
interconnected. Tlie insulating member of each of the insulated 
pipe joints includes a first Insulating portion disposed in the 
^ap btitureuii the flnnge pCiitiOn in tbc tup p(l-rti.&n and SilCdnd 
in^iOating portions di^po&ed edja-cent inner and outer surfaces 
i>f the tubular members with Xlic fitst and seDond Insulating por- 
tions being formei! integrally with each other. Preferably, the 



1 inuulabing jnemUer of pucih of thf% lii&uLattJd jjiiJO . jcjiiibo iii jKuido 
or. 71 ijl-cme-iaicci molALntj Corjiiwl r.rojn v?owi.lurs of s^.^r..", a.nc\ mica. 
An liisuiatincr ct>£itincr may be pa-ovided on ah leafct A pOitXon o£ 
l.he oittor '^AsfAo^ of the in;:ul.Bte(l plpci joint;;. Thin coafip.g 
iftsy be a rtiuin' oT polytijtrL'if iuoroutUylftiu , a resin ot <3i.pVjenyl 
oxidii. >loreovor, a protective iiiyer of insuicition can be 
proylfjed aroun<l at lea;;!, a ijort.ion of tlifs inBUlEitlng cuiiting^ 
o?he protecUive l^yi-r way be an iioexpcnfjivc materian. auch as 
polyotiiylcuc , poiypxoyylentj or jjolyx'itiyl chloridci. 

PxjrtheE ob^ificfcs and a<3v«nV.ages of tlie incvention wilJ 
appefir frow th& loLlowiny dcccrlption taken together with the 

In accordance with thti invtihtion, thcaro ic provided 
ail tjleuttical heating Blecfti-o(3e device whit;h is entiroly frca Of 
the above-ment-ionftcl drawbacfes. A preferred embodiment o£ 
the dloctroaa device of the invention will be describej"! in detail, 
fiirBt v£th tijUsircsnce to Fig. 2 «hit!i sho\»'s a ccoEs-stictional 
view of an inHulated pipiJ joint 2i whit;h is UtiiizeiJ with tilt; 
Blecti-oda davico of the iijvei>ti.on . 

The pipB joint gonorAlly JoDign&tcJ 21 j.n Figure ?, 
comprise^s four basic slementai 

a fiKat. tubular tnemb&r 7.7, a second tubular matnbar 33, 
^ cyJ .ii.nArical slti4ive-lik& oovsr meniber 2!*, and an insulating 
mamber 35. 

'j^hfi fii'st tubular jnojiibar 22 compriii&c b cylindrical 
tubular port-Ion 23 with a radially outV'-atdly cxtciidiny flaagc 
portion 2A at a Lu»(5i' eiid ae shown. 

The ceconti bubvilsir nwinbeir 53 compriEjea a cylindrical 

30 

Uub^ilar portion 30 with a. radially outwardly extending hub porb.top 
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I 25 at an uppej; piv5 -S-fj ijiiowti, Tlie iiito.riox diametti- of tubular 
pOEUlon 50 OC tbt! sutroprl t"l>u;iar irsemb^ja: ^J. in ehovn ideutlcal 
to the iiiterior c^iaTneter oi Lubular portion 23 of the fi.rsu 
tuljttl.^ir: it<ici<ibcrr /i2. 

Hub portion Z!l of t.hf. 2nd tubulfir member 33 is provided 
with interi^al aitrtular rece&s 3i fl& ishcrwu. Huh ijoxtion as 
is also provided vith exttmal threads 32 which mat.e with 
threads 29 on cover m«°mbe.r 29 to I>e decscribocl, 

Slcevo-likc covet JtlBmbOo; 29 coliLpriseLS a cylindrical, 
10 UubulRr, tiruflx-like portion 26 with, interj^al UireEdB . 23 at on*; 

lOVGr end 31S abown in Figure 2 and ^ p:3,<3,ial3y inv^fifdHy exterKllng 
c;ap i>DrtiL>n 27 at the other upper end. A? shov/n, txibu.lar portloii 
26 a larger iilturnal dienueter that ttie external diameter 

o£ flantfa portion 24 of the iirst tubular jnembsr 22 bo to 
provide a s^P therebetweeii Lo be occupied by insuLalij.ng metftbci; 
3B. Cap portion 27 of ecver nteiabst 2 9 hfie an intatndl diameter 
larger than the extearnal <1dLsme1;er of tubuiar portion 23 of tho 
first tubular membor ?.2 so ae to lEorm a <^fip thcrebctviL-en, Tiia in- 
tBoinnl dioniotea- of cap portion 27 is sicujllei thun the extariinl 
ao diijinettir of Clanyo portion 24 of the first tubular wmbcr 22, 

>'r«*erablY tlie firjit tubuilar member 22, second tubular 
membcir 33 and cover itiombor 2.9 are uiiidc .fTrorti steel. 

Inaulatiftg membe): 55 includes an . outer .cirowmferentlall.y 
liisulfitin^ portion 36 which surrounds external euirfaces ot 
tubular portion 25 of firat tubular jnember 22 and an inner cir- 
cumfertintially Inculating portion 37 which fits inside the internal 
aJim-Uilar recesa 31 of hub portion 2.S o± the second tubular member 
33. The inntstr insulating portion 37 tha eamc internal 
diameter as that o-f bubular portion 30 of this B»;cond tubular roewber 
30 33, ab may h& nnan , insulatih^j jfifeiTib&r 35 tfomprl&tis an integral 
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^ iTit-ftibe^r cxtertding irow portion 36 Uiercof to |f>ortion 37 thereof. 
Integral insulating memJseJr: .'5.'i ttrna syncGB surfrnjc^ oi' klie Circjt. 
tubular member 2'i from siirfaniftR of Beciind tubular morabor 33 an<1 
cover mmnbcr 29 by a giip oocupiod as se:en in i'igure 2 by ins alii tiny 
meinbe:v 35. Insulntinci mp.Tuber 35 inEuloitea first ttibttlftX iMembor 
2?. from contact with Aoccmi tubular member 33 Bncl nover Jiieiiiber 

WxtXi cover Ftiembeir 25 acrewaii down onto sgcOiiU tubulAr 
mambfcr 33 as sfiown in Pigtire 2, flangG portion 2d of first tubulor 
■JO member as encased by insu.latj.ng member 35 ia S4.ii(l«lcb<?cl betwepn 
oovcr fflcjobcx ?3 the ug^er end of hub portioii 2f5 of the 
second tubulax: inembe.r 33, wheoreby insuJating menibE^i- 35 ntey Corm 
js hcsrinatic seal botweon first tubular raetnJ^er 22 and secoud tubular 
Kicjftber 33, 

By L'crew.(,n.y cover member 29 onto. sEcond tubular 
tn«!)h^t 33, firat tvbvlai; mojubar 22 may be f.-irmlX' seslably oouplcd 
to ficcoQd tubular member 33 yet iilaulati Vfely IsolstM. tl-tfirefi-oin. 

in iiesGflibly, first tubuXa;: portion 22 ajay b6 ijitttrted 
thrbuctJj cover meraber 29 follot^iftg which cover meiziber 2? may be 
20 £CrCW<;cl onft? Bectrnd tubular ipoitioii 33. The l«S»ldl-ii:ig Jneraber 
35 may be, seen to occupy a cjap betv/een the first tnbular raeiabcr 
22 and the cuiAbi-HiJitioii of. the second twbnlar meiiibBr 33 and COVt-r 
member 29. 

PxoJfGrably, thft erxt.irf^ insulating Kiertiber is inft<3e of 
a COAip^^flition of glaet: «r>d mica ftilil is ft>rnvs:a by a Jlloidiinj pro- 
cess. The inPl^lating iDiaiilb<ar is £0i'ltU>(3 by hoallTlS a mixture of 
pQvU^.x^ of! glass and mica bo a sufficiently high tsiupiirature 
that tho mixture beocaneB fluid. Once the mixture ia fluitii it 
ii» preasure molded Mai.n§ a mo.l.fl of appiopxiinta shapo. The fi>J7- 
niation of the insuio-tlng mcmbei' 35 will be dBacirbsd in jnorc 
detail.. 
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1 Tho firei: Imbvlnr siienilwr 32 cii\A th« Becoiid tuLular 

member 33 nxn asacmbied to be j?Of3itioue<l as shown i.u Fig. 2 nnd 
are then heatRd tii a predGterftiined toraperauure. Tho t>/o t^lmia-i: 
memburs al. the c!l.cvat-.«:<3 i:empHx^t-ui-o iiirc flttcA iivto a r^old. 
Ke-sU/ 3 miTtt-.uire of glnas iibd Ttiicft pciwle^cH ia pitijiarcdl by pee-- 
rttoldiiig the Klixturc^ into U^e farm ui a prollrajInRry molded niembfr 
of a cyJ-indrical shape which will, fil iK^ thr; gay btztwccri thO 
tubular portion 23 of tho frirst txibular memlDer 22 ijnd cover member 
2!). The prclirolriBrj' raoldad jiiEnibBL- .is beate<3 to a i^redotcrtAinoA 
10 temperature ftjxd fitted in the Jjap in a heatod con<3T.tion. Next, 
a preepure ie applied to tha prelj.niinary moided itidKbcx; be-fcu-e 
it COOltl to Eoxrce tbp material o£ the Ki;M.'^bii£' to I'lOv; itttC- l:be 
gap betwBEn tfiB iirat and second tubuliir iiielDbcrs RTjd into the 
in-berna.l annular recessij il in th^^ second tubular monnber 33- 

For the TOat:ejrial of the pretiininary molded mombor, 
45 wti o€ gliiBH powder prepared by pulveiriaing a gia?ie peed for 
anAmsl coating steel objectB, co/amaroiaLly available 'as Product; 
Mo. 2312 of Kippc5n Fexro, Atd., to a ciae of ZCKJ mesh Jiiixed wltl^ 
55 wtft of mica powder of synthetic pblcjgopolt^e of a exxe: of 
^0 £[} to 200 roesb. 5 wts of water i,9 added to the resultant roixturo 
to. wet it »o .i.t C!an be molded. ISOD of the vestted mixture 
ie molded ufeijtg a oold preaauvti molding procesB to form o cylin- 
drically shape.^ body using a mold (rwr. aVicwn) . Tho preliminary 
molded UloWber Mau diBpostid in H tljrter at 120""C for two hours 
to dry it pxior to its use in formii^g the insulating meirtlxsr 

Ap deacribefl above/ the c-oVBt j»eimbcr 2 9 and tbe bub 
portion 25 arc- joined by scTsW thr&ar3 5. However, thB invention 
ia not iimiiiecJ tliereto as tlic cover menibBj.- 29 aj;j<l t:he bub por- 
tion 2!> can bu 30ine.a by vraldintj . 

In an alternate embodiment, the cap portion 27 of 
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1 the cover joembp.r 29 ia clL'/ide.d inlio four quaclrt-in lia Ivro of vhicin 
a^TP rfimove.d, rhii flango porUion 24 of. the flrsb tubular raember 
22 ifi i;ben cut iiiiuli that the remainiftrj pazt oC the .Ciiiiiij« i^iji'tio/i 
24 Cftn Tit throuyh the two re>«]t:>v»cl quadtrants thtj ueip portion 
27 3o that tho flange portion 24 can be located unfler I he cap por- 
tion 27 uf the tjdvei' inejubEr 2!). 

V'i Uh Uhe n.tif;)jlc)Ue;<3 I>?pfi ^oi.nU flpr.CK'il)f;<5 above, a ten- 
sile Eorca imposed on the etids ol the "joint is conv<nTte-(3 tnl-.o a 
compceBBive force which iicts bet^'ee» tVi£ cap poi'tiun 21 anA 
1o eiftn<;}<;t portion 7A, Uluoft the conopresslop Bi-rength of the ■ insulating 
membor 35 of the type dcGcxibGd is much greater thtin 5.ts tensile 
sti-Enyth and since tlie Corcfc par unit artsft can be suitably pel. 
by p«3juctJ-n9 t^hc ex term of tho area on vjhich the coropressivB 
EoEcca arc appli&d> Lhe result,ing assembly is (^uite atcong antl 
abis to \<ith4jtanci higli feentdle forces imposed on the ends of the 

ht high toinporatuireB, for inatarxT?. 300**C, the heat 
roaJ.E-t.axjt chflractorictics of the inaalatiticf niftmber are prlmeixily 
(ie Uermi)ic:d by the thermal chArnctei-istica of the glae-"? ruatcrial 
ao uae;i3 as the staEtiirii;^ imatcfial . Particularly, the transition 
t^rapErat^ire of this xnatoxlftl js important. If the VrangJ.tion 
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temperature is. for instance, us a range of 550 '"C to 600 "C, 
a hi^h mechanical sti'Csrtgth for the overall asspiiibiy will be 
preserved to a Lemperatwre of at least SOO'C. 

Xith Tospect to tlie I'oslstance to mechanical impa-ct 
S forces', tlie mica {>owder whicJi is u.sed to lorm the Insula tln^ 
raembftr is composed of particles hm-inji a flat sliape wherpin 
the Tutia of the diameter to the thiciness of ^ single scale 
particle is generally in a range of 30 to 50; 1, Due to the 
rresonce of the sc»1b particles, th<2 molded insulating inembov 

10 has a luiiiijiated forp xhcTchy providing it with » lilftli elasticity. 
This high eJiistlcity would not l)e presemt if the insulatitig 
Riemboi- were forinted only of gl»s^- powJer-s . Uue to the iHtfiinated 
co]istrnction, tlie insulatiii^ iiiemb^r i^ provided vjith a much 
graster resistance to repeated testipeTatur^ changes and ttiDchanical 

15 impact fprcos then is n ptior art t>'pt! of insulsitlng raeEnter made 
of an inoTgtolc compound, ITiereforei, the ijisulatifta member 
prciduceii in acco-rdance with the invention is suTf ^ cisntly stronft 
that it can withstand the tj'plcal ijnpac;t farces wKiiih arc en- 
Lountered during the use af the structuro. 

20 NDj;t, the cnostruction of a preferred! eitihodiraent 

of an. eluctrode device of the invention utiJiting the above- 
riescriheJ insulated pipe joint 21 'liill he given vith reference 
to Pig. 3. Reference num&rals 1 to 4 Tised in Pig. 5 indicate 
similar components a.'s those of Fig, 1. The righthand half of 

25 yig, 3 shows the completed strunture of the insulated ylpe joint 
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21. Ks s>iftwti in tbe figure, the j;nr-ulatiug member 2 Includas 
twD insiO.atje.d pipe joints 7.1, One end of the insulating memlier 
2 15 connecteJ to the pipe 1 and ihe other to Dm clcctrotiu 
3. These connections may 'kv Jiipde hy w©'J,),-kTiQWTi tcchnimips ^vzh 
5 as or. by tite use of screw threads. 

As, ill accordance with the iuvejition, the romplereti 
insulat.od pipe joint 21 has a CDTiniir>T\ thi'oughhole of cnp^stant 
iBternal dipmeter, the asperably and use thereof Is quite 
Tot instance, the provision o£ the above-described partitions 

to is quitfc sirtijili?, Oi tfticrfie, moTQ than tu'd iiisulnted plpO joiut>i 
Zl can b« i>rovi<led as ueed-eiJ. Also, one oL" the pipe joiaits 21 
can be connected directly to the i>ipe i. 

7f n&Bded, suir.h as in the ces© hrxria hsu-inp n hi^b 
salt concentration is tised, the outer surKace of tfi© insulated 

15 pipe j'oiiit. 21 tan be covered with a coating 41 of an organic 
substanco having a iuf f icleMtly high heat resistant property. 
This is shown in the Icfthand ptiTt of Pi)?. S. For cxfirii>le , the 
^:?>^ting 4^ can be formed liy sbrLuk fitclfig a "Teflois " tube. 

A,s duittibisJ ilbOV''ti, in aCCOYdatlcb With tSlO idVefitlDjl , 

20 tho pipes and tha oloctrodcs are connected fbrough the insulati>d 
pipe joints. Tensile forces applied at the ends of the insulat- 
ed pipe joints are converted into compression i'orces vhich act 
between the cap ponti&ns and the flange portions thereof. Since 
the; ct>t!iiirosAi6i> strenj^th of tho instilAtitift" member is much greater 

25 than the tensile strength thereof, the overall eleictrode device 
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o£ the invention hus a i^uito high mech^nicsl ^tTon^gt^h and can 
withstand high pressures and strong laechanical ijupact forces 
so that it ca/i be wscd under s(iv<>TC optixati.rjg coud^ticns often 
enct>untere<t in oil \fell application. 

Y&t furtliCT, the coatirtg 41 ajid tlic insulating members 
2 and 12 of the electrode can bo formed from. otJiar ■materials. 
To determine what materials are best for these raemberE , tssts 
were conducted to investigate the resistance of various organic 
polyi/ieric compDutids to hot v&tcf and v/ater vapor at high teRipoTiture 
and under bigh presaiire. Tho compounds investigated are listed i^x 
Tsible 1 herein. 

Regarding ttie tests, test pi^icejs of each of the materials 
ifere placed in quartz te5t tubes filled witb piiru water. These 
test tubes wore placed in a 2-liter autoclave containing pure 
water. The autoclave was h&ld at 2S0'C at an internal pres-'sorQ 
of SB kg/cm^ for a period of 10 days. The autaclavo was then 
cooled to 3 room temperature and the test pieces veto chcclced for 
appearance. The results; drft presented In Table Z from which it 
c*tn be seen that hot v/ater and steani had a much more adv^rsf affect 
than -ixy heat. Of the materials tested, only polytetraf luoroethylene 
resin ««nd diphcMiyl oxide vesiti ware acceptafc'lu. 

A coating of vater. and staam loslstant resin can bo 
formtsd. diouiid the pipe 1 b>' ropcatedly applying coatinjis of the 
oaterial. and hakljifi the assembly until the desired thickness is 
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oblained. A.lso, a coatinj; of the heat resistant rei.sn ckt> be 
foriiifid by I'irst pvei^axisi^ a tube oL t]\(^ rcjiiu having ■an Insi^le 
diameter slightly larger than the outsi.rfe diaijieter of thD pipe 
l;-atni Chen slipping the tube over the pipe 1. If the resin 

5 Is in til? form of a she^t or tape^ it mn/ he '.<ouiid directiy skduikI 
the i)ipe 1 and thon fiisioji- bonded if necessary. As rii^stribeO 
above, a hsat-nhrinkabQe tube of polytetraf iuoroethylone can 
bo slipped over the pipe 1 and htated to fit it tightly to the pipe. 
As discussed above, whon tbc assembly iucluJing the 

10 electrode 5.5 inserted into thts oil we31, there is univoiolablii 
contact with the inner wall of the v/ell so that the heat 
resistant insulating coating roay be tlamagQii. To pravcnt this, 
pTDtectivE coating oi insulation l6 uiay bs> formed around the 
insulaticm IS as shown in Pig, S, Since the protective coiitine 

iS of insulation 16 may melt or collapse if tbe electrode is 

exposeiJ to hijjh tempera turee, it can be made of an inexpensive 
TOatevial such as polyethylene, palypropyleno lir polyvinyl chlcnide. 

Typically, the total length of the guide pipe 1 is 
200 to SOO m. Howiiver, a siii^Rle section of tHcs steel pipe that 

20 makes up the fiude pipe 1 is only about 10 iit In length. 'S'o join 
the pipe sections, each pipe section is provided with a taper 
thread on one end and the pipe sections are joined by screwing • 
thejtt togtsther. An insulating cotiting must also be formed around 
the ji>ined ^jarts of the pipe seations and on the surface of the 

25 coupling. To accomplish this, as show in Fig. 6, steel pipes 
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li\ and IB are cc}v(jT«d \fitH the coiit.'mg of heat i^c'fiistant insulat- 
ing niateiial 15A and ISK and ar6 joinf^d by" a coupling i'/ . A 
coatiftg of heat T{!sist2rtt insitlation 11C x<> forjfied aTDunci the 
CDyplintj extending into pdjacent areAs. A heal-slirinkable tube 
J of a pDly tetraflaDrD8thyI&jie is. p.sTticularJy suitable in this 
case. 

To protect thu insalating coatings from ■dlr^'tt contact 
ivith tfie inner wa!l ol" the v;e'il, steel pipe sections lA anO IB 
covered with the coating of heat resistant insulating material 
ISA and ISB ^nd protective coatings of iiLSatation 16A and IbB 
are first joined through the coupling 17. Tberenfter , tht coupling 
1& is tfjuted with the heat resistant iusul^tion 15C and then a . 
layer o£ 16C if formed around the coupling and in Che adjauDiit 
areas as shu(^n in Fig, 7. 
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li\ and Ih are ci>vered \titi\ the coat.iug of heal i-y$istant inj;i;1.»t- 
i»g materisT ISA and IFR and arc joined hy a coupling iV. A 
coating of heat resistant insiilation ISC is fonned aroui^rf the 
ce>vpling extending iiito sdjacent aieas, A heat-sKr inkable tube 
of a ^DlytetrafiuDroetliyl&iie is p.^rticLtlarDy suitalJle in thi.i 
i:as 9 . 

To protect thu iTisalating tioatinfis fi-oin direct contact 
itith the inner wa3 1 of the v;eil, stoel pipe sections lA and IB 
covered with the coating of huat resistant insulatiiifi material 
1.5A and ISB «nd pTotectivti coatings of insulation 16A and 16li 
are first joined thruugh the coupling 17. Thereafter, the cDupling 
16 is (LOHtfid Tfith the heat resistant insiii.afi.on 15C and then a . 
layer of 16C if fnrjned around the couplirie and in the adjacwit 
areas as sJiut/n in Fig. 7. 
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Table 2 



OK, 

T'uTned into a lA^wp. 
Do. 
Collapsed 
OK. 
Dd. 
Do. 

Turned into a lump. 

Glass vfhitened 
(Resin CBme 8|iB:Tt) 

Dp, 

Do . 
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WHAT IS ei,Al*(lil) r.v: 

1. /\n «lectroile rt&vice for electTlcaHy li«3"tlog unJer- 
ground deposits of liyulrocarbons coi»prL5iii^ : a plurality of wull 
pipe sections; an electrode adapted tti h<.i disjuisud in «t\ undec- 
grouud deposit of hydrocarbon."; ffjv -■^ui^ply' iig ^Ti elecT.Tic current 

5 to sitid underjrovnrf deposit;, a plurality of inculated pipe jointi 
each including a first tubular mojiibtir Iiiivlii); a ilaiu^t: portion 
at one end thtstciof, « second tvbul^r memtiex having a c.ap poTtlQt^ 
at "TIC t'tid thereof adapted to be receiver! in said llange portion 
of s^i<* first tubular iTiem5)ci' w^ith a ^^^P thci cl)ctw;;oTi, uTid uti 

10 insulatin^j mombcr diSpOind in said ja-p bet.vtcBU said fl an gp, por- 
tion and said t^p pprtion for hermetically conplin^ said iirst 
BTid ;;Dcond t.ub*UaT m0mt>6T and for electrically insulating said 
first and second tubular iiiembeafs from one anotJier, said insulated 
pipe Joints being operatively disposed io couple at loasi soiac 

IS of said pipe sections and said electrode vfliile electrically 
liisulaLing said nt least somi; of said pipe suctions and said 
electrode; and a cable connected to said electrode for supplying 
an electric current to said electrode. 

2. TTyc electrode device as set forth in claim 1 wherein 
at least some of said ijisulatod pipe joints are Intcrcoiinectud. 

3. 'the electrode d-iivlce as set fortli in claijii 1 h'hei'uin 
said i.nsvlating miAmbe^ of ^iicli .of ?aid iiifulated pi,p?> joints 
comprises a first insulating portion disposed in said gap between 
said f.laoge portion and said cap portion, nnd second insulstij^g 
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portions disposed adjJicent; inner and outCT surfaLes of said 
tubular meaibers, said first and s&cond insula Liiift portions 
being formeiJ intefirally with each other. 

4. ilio clecliode device as set forth in claim 1 wlieTein 

S ssid insulating miiaibcr gf oacb of said insulated pipe joiTits 
is B)^d« of » giflss-micH moidijn; forj^i^d (■T'om glass sud micH 
^Jowdcrs . 

£. 'I'hti eLGctrodei device as set forth in claim 1 further 

comprising an ini^uliting coatlni? profid^d on at. icust a portion 
10 of a.n Outer surface oP said iusulated pip« joints. 

6. The electrode dovico as set forth in cl«iiTP S. wherein 
said inJiilsLting coatiJig is: polytetrsfluorDutbylene , 

7. Th& electrode device as set forth in claljn 6 wheruin 
said insulating ooa-tln^t coraprisBS a resin of thermany slirinkabl© 

15 polyt&trsHluDTofcthylene. 

R, The electrode device as set Jt'orth in claim i \thesx(iin 

seid insulating costtitig comprises a resin of dipbsnyl oxide. 

9. llie electrode dsiTice as set forth in iny of claims 5-7 
further comprising a protective layer of itisulat ion .upOTv tit ' 

20 least a portion of said insulating coating. 

10. the Ditrctrode tlevico es set forth in any Of claims S-7 
fuTthev comprising a protectiva layer of insulation up<?n at 
least a portion of ^aid insulating coating, layer of 
protective insulation co/iipris:.ng a material selected from the 
gi'ou? consistijig of polyptTiylene, polyprn^l^a and polyvinyl dilorida. 
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11, An c1 firrt.roflct Oov-lr.F! for L!loc;tr5.can.y h«at-i.Jiif ujIcIlt- 

groajid cle-f>(ia.i,tp at hydrocarbons cOinprlCi:t\'ig a pluiality OJC irit.e>r:" 
connoctocl wft.lil pipe Becl.ione, an (.'lootroiSfi ni3a£'tetl to bo (JispoBed 
in an uuf^prctTroumS d.epnHi.t of hydrooarbons supplying clocl:ri;f: 
curre-nt to said iindcrfirou7i<5 depoal.tf at least untj IjiStilattd pipe 
joint iiiCludiiKj ft first tubglBir n>ei(ib^>r oomprlseti of a well pipe- 
section iiflviiig n flaii'jc portiori at one end b?>cveo£, J taccnd tubii-^ 
Inr member cOin^u jts:c<3 oJ; saitS electrodti Ji.r^poBed in ulignnsoat 
with sAicl tirfct tubular niRmber, u covt^r !ticiill>;ii carried by z&t.d 
Bficond tubuliti: fiiCiiTib6>r riavijlcl □ ciifi £jOCtlon (lit one enti thtiroo.f 
dippoped ill ovEi'lyiniJ rclatiCin to ^laiid flange .portiioi-^ above SfsS.d 
firgt tubular jnonib&r wt.th a gap therebi>twcen , an injiulating membar 
dlepuBefl in aald gap between said flancjO pori-ioii and Uftld cap 
portion for hariftcticftlly coupling swid £f.ri<t and secon-d tubU.lar 
membei: njid for electrically insulating said first and SGCS3n<3 
tubuliir row.bers from one another , cflblo nicsHe connectsd to s.ftxd 
cleatscodp fiir supplying an elE?ctric current to a£iid tsloctxoclp and 
an Inftulating coating provided on nt Icact an outer surface of 
«aid trveulatiiig pipe ;}oinU. 




